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A c c u r a c y  o f  C r i t e r i a  U s e d  t o  D e t e r m i n e  A g e  o f  F o x  S q u i r r e l s
1  
R I C H A R D  J .  M c C L 0 S K E Y
2  
R I C H A R D  J .  M C C L O S K E Y .  A c c u r a c y  o f  C r i t e r i a  U s e d  t o  D e t e r m i n e  A g e  o f  
F o x  S q u i r r e l s .  P r o c .  I o w a  A c a d .  S c i . ,  8 4  ( 1 ) : 3 2 - 3 4 ,  1 9 7 7 .  T h i s  s t u d y  
w a s  u n d e r t a k e n  t o  d e t e r m i n e  t h e  r e l a t i v e  a c c u r a c y  o f  f o x  s q u i r r e l  ( S c i u r u s  n i g e r  
r u f i v e n t e r  ( G e o f f r o y )  a g e  i n d i c a t o r s  c o m m o n l y  u s e d  i n  t h e  f i e l d  a n d  l a b o r a t o r y .  
P r e v i o u s  r e p o r t s  i n d i c a t e d  t h a t  d e t e r m i n a t i o n  o f  a g e  o f  s q u i r r e l s  b y  e x t e r n a l  
m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  w a s  i n a c c u r a t e .  E s t i m a t i o n  o f  t h e  a g e s  o f  2 1 1  
s q u i r r e l s  i n d i c a t e d  t h a t  t h e  m o s t  a c c u r a t e  f i e l d  m e t h o d s  w e r e  c o l o r a t i o n  a n d  
K l i n e  (  1 9 6 4 )  s t a t e d  m a n y  s t u d i e s  s h o w i n g  a  p r e p o n d e r a n c e  o f  a d u l t s  
i n  t r e e  s q u i r r e l  p o p u l a t i o n s  a r e  b a s e d  o n  a g i n g  t e c h n i q u e s  w h i c h  a r e  n o t  
a c c u r a t e .  E s t i m a t i n g  a g e  b y  e x t e r n a l  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  i s  
d i f f i c u l t  a t  b e s t  w h e n  a  l a r g e  p o r t i o n  o f  t h e  p o p u l a t i o n  i s  c o m p o s e d  o f  
j u v e n i l e  s q u i r r e l s  t h a t  h a v e  r e a c h e d  a d u l t  s i z e  ( K i d d  1 9 5 5 ,  K i r k p a t r i c k  
a n d  H o f f m a n  1 9 6 0 ,  K l i n e  1 9 6 4 ) .  
A c c u r a c y  i n  d e t e r m i n i n g  a g e  s t r u c t u r e s  o f  m a m m a l  p o p u l a t i o n s  
d e p e n d s  h e a v i l y  u p o n  t h e  c r i t e r i a  u s e d  f o r  e s t i m a t i n g  a g e .  T h e  o b j e c t i v e  
o f  t h i s  s t u d y  w a s  t o  d e t e r m i n e  t h e  a c c u r a c y  o f  v a r i o u s  i n d i c a t o r s  u s e d  i n  
e s t i m a t i n g  t h e  a g e  o f  f o x  s q u i r r e l s .  
C r i t e r i a  u s e d  t o  d e t e r m i n e  t h e  a g e  o f  l i v e  s q u i r r e l s  ( f i e l d  t e c h n i q u e s )  
a r e  v a r i e d .  C h a p m a n  (  1 9 3 8 )  s e p a r a t e d  y o u n g  f r o m  a d u l t  s q u i r r e l s  b y  
w e i g h t .  A l l e n  ( 1 9 4 3 )  a n d  B r o w n  a n d  Y e a g e r  (  1 9 4 5 )  u s e d  s u b j e c t i v e  
i m p r e s s i o n s ,  b o d y  w e i g h t ,  C o w p e r ' s  g l a n d  p a l p a t i o n  a n d  s c r o t a l  p i g -
m e n t a t i o n .  U h l i g  (  1 9 5 6 )  p r e s e n t e d  a  m o r e  d e t a i l e d  d e s c r i p t i o n  o f  
c h a r a c t e r i s t i c s  o f  e x t e r n a l  g e n i t a l i a  a n d  m a m m a r y  g l a n d s  o f  a l l  a g e  
c l a s s e s .  S h a r p  (  1 9 5 8 )  b e l i e v e d  j u v e n i l e ,  s u b a d u l t ,  a n d  a d u l t  c l a s s e s  
w e r e  r a p i d l y  s e p a r a b l e  b y  d i f f e r e n c e s  i n  t h e  p e l a g e  o f  t h e  u n d e r s i d e  o f  
t h e  t a i l  a n d  t a i l  s h a p e .  
I n d i c a t o r s  o f  a g e  o f  d e a d  t r e e  s q u i r r e l s  ( l a b o r a t o r y  t e c h n i q u e s )  i n -
c l u d e  w e i g h t s  a n d  m e a s u r e m e n t s  o f  t e s t e s  a n d  b a c u l u m  ( A l l e n  1 9 4 3 ) ,  
s k e l e t a l  m e a s u r e m e n t s  ( K i r k p a t r i c k  a n d  B a r n e t t  1 9 5 7 ) ,  d e v e l o p m e n t  
a n d  c o l o r a t i o n  o f  t h e  r e p r o d u c t i v e  t r a c t  ( D e a n e s l e y  a n d  P a r k e s  1 9 3 3 )  
e y e  l e n s - w e i g h t s  ( B e a l e  1 9 6 2 ,  F i s h e r  a n d  P e r r y  1 9 7 0 )  a n d  X - r a y i n g  
l o n g  b o n e s  f o r  t h e  p r e s e n c e  o r  a b s e n c e  o f  a n  e p i p h y s e a l  l i n e  o r  g r o o v e  
( C a r s o n  1 9 6 1 ,  N i x o n  1 9 6 5 ) .  B a c u l u m  w e i g h t  a n d  h i s t o l o g i c a l  s t u d i e s  
o f  t h e  t e s t e s  i n  m a l e s  a n d  u t e r u s  d e v e l o p m e n t  i n  f e m a l e s  a r e  c o n s i d e r e d  
t h e  m o s t  a c c u r a t e  m e t h o d s  o f  e s t i m a t i n g  a g e  i n  s q u i r r e l s  ( K i r k p a t r i c k  
a n d  B a r n e t t  1 9 5 7 ,  H o f f m a n  a n d  K i r k p a t r i c k  1 9 5 6 ,  1 9 5 9 ) .  
N o  c o m p a r i s o n  o f  a l l  a g e  c r i t e r i a  u s i n g  t h e  s a m e  a n i m a l s  i s  r e p o r t e d  
i n  t h e  l i t e r a t u r e .  T h i s  s t u d y  e v a l u a t e s  t h e  a c c u r a c y  o f  t h e  m o s t  c o m -
m o n l y  u s e d  s q u i r r e l  a g e  i n d i c a t o r s  a n d  s u g g e s t s  t h e  m o s t  u s e f u l  
t e c h n i q u e  u n d e r  f i e l d  o r  l a b o r a t o r y  c o n d i t i o n s .  T h e  e y e  l e n s - w e i g h t  
m e t h o d  w a s  n o t  i n c l u d e d  i n  t h i s  s t u d y  b e c a u s e  i t  i s  i m p o s s i b l e  t o  u s e  
t h i s  t e c h n i q u e  t o  d e t e r m i n e  a g e s  o f  i n d i v i d u a l  s q u i r r e l s  ( F i s h e r  a n d  
P e r r y  1 9 7 0 )  a n d  t h e  p o p u l a t i o n  a g e  s t r u c t u r e s  a r e  c o m p a r a b l e  t o  t h o s e  
o b t a i n e d  b y  u s e  o f  t h e  X - r a y  t e c h n i q u e  ( B e a l e  1 9 6 2 ) .  
M E T H O D S  
A g e s  o f  l i v e  s q u i r r e l s  w e r e  e s t i m a t e d  b y  t a i l  d e v e l o p m e n t ,  t a i l  s h a p e  
a n d  b o d y  w e i g h t .  A d d i t i o n a l  c r i t e r i a  u s e d  w e r e  s i z e  a n d  d e v e l o p m e n t  o f  
1  
T h e  i n v e s t i g a t i o n  w a s  f i n a n c e d  b y  I o w a  C o n s e r v a t i o n  C o m m i s s i o n ,  B i o l o g y  
S e c t i o n ,  f u n d s  a s  p a r t  o f  p r o j e c t  B G - 2 5 A .  
2  
R i c h a r d  J .  M c C i o s k e y ,  D e p a r t m e n t  o f  B i o l o g y ,  B o i s e  S t a t e  U n i v e r s i t y ,  
B o i s e ,  I d a h o .  
a p p e a r a n c e  o f  n i p p l e s  o f  f e m a l e s  a n d  t a i l  p e l a g e  a n d  s c r o t a l  p i g m e n t a t i o n  o f  
m a l e s .  E s t i m a t i n g  a g e  b y  X - r a y  d e t e r m i n a t i o n  o f  t h e  p r e s e n c e  o r  a b s e n c e  o f  a n  
e p i p h y s e a l  l i n e  w a s  t h e  m o s t  a c c u r a t e  t e c h n i q u e  f o r  d e a d  s p e c i m e n s  w h i l e  
c h a n g e  i n  t a i l  p e l a g e  w a s  t h e  m o s t  a c c u r a t e  t e c h n i q u e  f o r  l i v i n g  a n i m a l s .  
I N D E X  D E S C R I P T O R S :  F o x  S q u i r r e l ,  S c i u r u s ,  A g i n g  T e c h n i q u e s ,  A g e  
C r i t e r i a .  
t e s t e s ,  s c r o t a l  p i g m e n t a t i o n  a n d  C o w p e r ' s  g l a n d  p a l p a t i o n  f o r  m a l e s  
a n d  c o l o r a t i o n  a n d  a p p e a r a n c e  o f  n i p p l e s  f o r  f e m a l e s .  
A g e s  o f  d e a d  s p e c i m e n s  o f  b o t h  s e x e s  w e r e  e s t i m a t e d  b y  X - r a y i n g  
o n e  f o r e f o o t  f r o m  e a c h  i n d i v i d u a l  a n d  b y  h u m e r u s  a n d  f e m u r  l e n g t h .  
A d d i t i o n a l  c r i t e r i a  u s e d  t o  e s t i m a t e  a g e s  o f  d e a d  s q u i r r e l s  w e r e  l e n g t h  
a n d  w e i g h t  o f  t e s t e s  a n d  b a c u l a  a n d  p r e s e n c e  o r  a b s e n c e  o f  s p e r m  i n  t h e  
t e s t e s  i n  m a l e s  a n d  c o l o r  a n d  d e v e l o p m e n t  o f  t h e  u t e r u s  a n d  t h e  
p r e s e n c e  o r  a b s e n c e  o f  p l a c e n t a l  s c a r s  i n  f e m a l e s .  
A g e s  o f  b o t h  l i v i n g  a n d  d e a d  j u v e n i l e s  w e i g h i n g  l e s s  t h a n  4 0 0  g r a m s  
w e r e  e s t i m a t e d  b y  w e i g h t  u s i n g  c r i t e r i a  d e s c r i b e d  b y  A l l e n  (  1 9 4 3 )  a n d  
U h l i g  ( 1 9 5 5 ) .  
T h e  a g e  o f  e a c h  s q u i r r e l ,  a s  e s t i m a t e d  b y  e a c h  t e c h n i q u e ,  w a s  
r e c o r d e d .  T h e  m o s t  f r e q u e n t l y  d e t e r m i n e d  a g e  w a s  c o n s i d e r e d  t h e  m o s t  
p r o b a b l e  a g e  o f  t h e  s p e c i m e n  a n d  i s  r e f e r r e d  t o  a s  t h e  " c o n s e n s u s  a g e "  
i n  t h e  r e m a i n d e r  o f  t h i s  p a p e r .  T h e  v a r i o u s  t e c h n i q u e s  a n d  t h e  c o n s e n -
s u s  a g e  w e r e  c o m p a r e d  u s i n g  c o r r e l a t i o n  a n a l y s i s .  
R E S U L T S  
T h e  a g e s  o f  1 1 2  f e m a l e  a n d  9 9  m a l e  s q u i r r e l s  w e r e  e s t i m a t e d  u s i n g  
a l l  t e c h n i q u e s  p r e v i o u s l y  m e n t i o n e d .  T h e  m o s t  f r e q u e n t l y  r e c o r d e d  a g e  
w a s  c o n s i d e r e d  t h e  m o s t  a c c u r a t e  a g e  o f  e a c h  s p e c i m e n .  
C r i t e r i a  a p p l i c a b l e  t o  l i v e  s p e c i m e n s  t h a t  c o r r e l a t e  m o s t  h i g h l y  w i t h  
t h e  " c o n s e n s u s  a g e "  a r e  n i p p l e  a p p e a r a n c e  a n d  c o l o r a t i o n  i n  f e m a l e s  
( r = . 8 5 ;  t = 3 2 .  l ; p  < . 0 0 1 )  a n d  s c r o t a l  p i g m e n t a t i o n  ( r = . 6 8 ;  t =  1 2 . 4 ;  p  
<  . 0 0 1 )  a n d  t a i l  p e l a g e  ( r =  . 6 8 ;  t =  1 2 . 4 ;  p  <  . 0 0 1 )  i n  m a l e s  ( T a b l e s  I  
a n d  2 ) .  T a i l  p e l a g e  c o r r e l a t e s  m o s t  h i g h l y  ( r = . 7 8 ;  t =  1 4 . 5 ;  p  < . 0 0 1 )  
w h e n  t h e  s e x e s  a r e  n o t  s e p a r a t . : d  ( T a b l e  3 ) .  T h e  l o w e s t  c o r r e l a t i o n  w i t h  
t h e  c o n s e n s u s  a g e  i s  C o w p e r ' s  g l a n d  p a l p a t i o n  ( r =  . 0 6 .  t =  . 5 9 ;  p  <  . 0 5 )  
i n  m a l e s  a n d  b o d y  w e i g h t  ( r = . 3 8 ;  t = 4 . 6 ;  p  < . 0 1 )  i n  f e m a l e s .  
O f  t h e  c r i t e r i a  a p p l i c a b l e  t o  d e a d  s q u i r r e l s ,  t h e  X - r a y  m e t h o d  c o r r e -
l a t e s  m o s t  h i g h l y  w i t h  t h e  " c o n s e n s u s  a g e "  w h e t h e r  t h e  s e x e s  a r e  
p o o l e d  o r  t r e a t e d  s e p a r a t e l y .  F i e l d  t e c h n i q u e s  c o r r e l a t i n g  m o s t  h i g h l y  
w i t h  t h e  X - r a y  m e t h o d  a r e  s c r o t a l  p i g m e n t a t i o n  ( r =  . 7 4 ;  t =  1 6 . 1 ;  p  
< . 0 0 1 )  i n  m a l e s  a n d  n i p p l e  c o l o r a t i o n  ( r = . 8 6 ;  t = 3 4 . 7 ;  p  < . 0 0 1 )  i n  
f e m a l e s .  
D I S C U S S I O N  
N i p p l e  a p p e a r a n c e  a n d  c o l o r a t i o n  i n  f e m a l e s  a n d  s c r o t a l  p i g m e n t a -
t i o n  i n  m a l e s  a p p e a r  t o  b e  t h e  m o s t  a c c u r a t e  o f  t h e  c r i t e r i a  a p p l i c a b l e  t o  
l i v i n g  s p e c i m e n s .  T h e s e  t e c h n i q u e s ,  h o w e v e r ,  d e p e n d  h e a v i l y  o n  t h e  
r e p r o d u c t i v e  c y c l e s  o f  t h e  a n i m a l s .  I n  y e a r s  w h e n  s q u i r r e l  p o p u l a t i o n s  
a r e  s m a l l ,  a n i m a l s  a r e  k n o w n  t o  r e p r o d u c e  a t  a  y o u n g e r  a g e .  T h e  e a r l i e r  
a g e  o f  r e p r o d u c t i o n  m a y  d i s t o r t  t h e  r e s u l t s  o f  t h e s e  t e c h n i q u e s .  
T h e  d e t e r m i n a t i o n  o f  a g e  b y  t a i l  p e l a g e  a s  v i e w e d  f r o m  b e l o w  i s  n o t  
i n f l u e n c e d  b y  p o p u l a t i o n  s i z e  o r  r e p r o d u c t i v e  c y c l e .  T a i l  p e l a g e  i s  a l s o  
1
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TABLE I . 
Correlation coefficients for consensus age and techniques used to determine age of female fox squirrels. 
Femur Body Humerus Tail Reproductive Nipple Consensus 
Technique X-ray Length Weight Length Pelage Tract Color Color Age 
X-ray 1.00 
Femur length .57 1.00 
Body weight . 19 .18 1.00 
Humerus length .56 .33 . 12 1.00 
Tail Pelage .71 .53 .07 .53 1.00 
Reproducti ve 
Tract Color .42 .36 . 10 .31 .34 1.00 
Nipple Color .86 .59 .23 .47 .65 .38 1.00 
Consensus Age .88 .72 .38 .68 .79 .60 .85 1.00 
TABLE 2. 
Correlation coefficients for consensus age and techniques used to determine age of male fox squirrels. 
Technique 
"' 
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X-ray 1.00 
Baculum We ight .84 1.00 
Femur Length .50 .49 1.00 
Testes Weight .17 .00 .04 1.00 
Cowper's 
Gland Palpation -. 19 - . 11 - .04 - .14 1.00 
Scrotum Color .74 .62 .40 .11 -- .04 1.00 
Body Weight .08 .12 .05 . 14 .06 - .18 1.00 
Testes Length .23 .06 - .01 .86 - . 15 .2 1 . 16 1.00 
Baculum Length -. 12 .04 .01 .02 . 12 - .09 .06 - .04 1.00 
Humerus Length .45 .45 . 14 -.1 4 .12 .27 . 10 -.20 .15 
Tail Pelage .72 .59 .28 .00 - .03 .54 .04 .06 .00 .41 1.00 
Testes Smear .84 .71 .44 .24 - .21 .58 .03 .3 1 -.04 .33 .55 1.00 
Consensus Age .86 .79 .51 .36 .06 .68 .26 .41 . 19 .51 .68 .79 1.00 
Table 3. Correlation coefficients for consensus age and techniques 
applicable for determining age in both sexes of fox squirrels 
The X-ray technique is the most accurate of the methods tested for 
determining fox squirrel age. The X-ray method compares favorably 
with the baculum weight , testes , and uterus coloration techniques 
previously reported to be the most accurate laboratory criteria for 
estimating age of squirrels. The primary advantage of the X-ray method 
is that forefeet can be collected and stored for later analysis without fear 
of bias due to tissue deterioration . The minimal training necessary for 
hunter cooperators to correctly remove a forefoot and submit it for 
analysis provides a method that is readily adaptable to statewide studies 
of age structure of small mammal populations . 
Femur Body Humerus Tail Consensus 
Technique X-ray Length Weight Length Pelage Age 
X-ray 1.00 
Femur Length .53 1.00 
Body Weight . 14 .07 1.00 
Humerus Length .51 .24 . 12 1.00 
Tail Pelage .7 1 .41 .06 .47 1.00 
Consensus Age .86 .66 .40 .69 .78 1.00 
a criterion applicable to both sexes and is the recommended technique 
for determining age of live specimens . 
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